Introduction {#S0001}
============

Epilepsy is a common pediatric neurological disorder in the United States (US), affecting 470,000 persons aged 0--17 years, with a prevalence of 1.2%.[@CIT0001] The majority (60%) of pediatric patients with epilepsy suffer from focal (partial-onset) seizures (FS).[@CIT0002]

Epilepsy poses substantial individual, societal, and economic burdens. In the US, the annual aggregate cost of pediatric epilepsy is estimated at \$5.8 billion (2016 US Dollar \[USD\]), with the majority of direct costs accounted for by inpatient, home healthcare, outpatient, and medication costs.[@CIT0003] Mean annual healthcare expenditures among pediatric patients with epilepsy are approximately 6 times higher than those in the general pediatric population (\$12,577 vs. \$2,024; 2016 USD).[@CIT0003] Healthcare resource utilization (HCRU) and spending are particularly high for the estimated 19.4% of pediatric patients with uncontrolled epilepsy,[@CIT0004] who experience more hospitalizations (30.1% vs. 12.0%; *P*\<0.001) and higher all-cause (\$30,343 vs. \$18,206; *P*\<0.001) and epilepsy-related (\$16,894 vs. \$7,979; *P*\<0.001) spending than children with stable disease.[@CIT0004]

Comorbid conditions are common and variable among pediatric patients with epilepsy, and often more disabling than the seizures themselves.[@CIT0005] In the US prospective, community-based Connecticut Study of Epilepsy, 30% of patients with newly diagnosed pediatric epilepsy had 1 chronic comorbidity and 31% had ≥2 comorbidities.[@CIT0006] Prevalence of neurodevelopmental spectrum disorder, psychiatric disorders and chronic medical illness was 39%, 26%, and 24%, respectively.[@CIT0006] Data extracted from a nationwide healthcare claims database of pediatric patients with newly diagnosed epilepsy revealed neurobehavioral disorders were 2.5 times more prevalent in pediatric patients with epilepsy than those without epilepsy.[@CIT0007] The US National Survey of Children's Health (2007) demonstrated that learning disability (56% vs. 7%), developmental delay (51% vs. 3%), attention deficit hyperactivity disorder (ADHD; 23% vs. 6%), anxiety (17% vs. 3%), conduct problems (16% vs. 3%), autism spectrum disorder (ASD; 16% vs. 1%), and depression (8% vs. 2%) were significantly more common among pediatric patients with epilepsy than in the general pediatric population.[@CIT0008] Developmental and/or psychiatric disorders in pediatric patients with epilepsy are associated with a substantial economic burden. Data from the Medical Expenditure Panel Survey-Household Component (MEPS-HC) (2003 to 2014) showed that total healthcare expenditures for pediatric patients with epilepsy with developmental disorders were \$29,227 (2016 USD) vs. \$11,974 (2016 USD) among pediatric patients with epilepsy alone.[@CIT0003] This difference was largely driven by higher expenditures for home healthcare.[@CIT0003]

Seizure control is the goal of treatment in epilepsy, and is attained primarily through the use of antiepileptic drugs (AEDs), which can be classified into 3 generations. First-generation barbiturate-derived agents are associated with poor tolerability profiles, particularly among patients with comorbid psychiatric conditions.[@CIT0009],[@CIT0010] Some second- and third-generation AEDs may be associated with lower rates of psychiatric and behavioral side effects.[@CIT0011]--[@CIT0013] The choice of AED depends on patient-specific and AED-specific variables, including age, comorbidities and AED adverse events (AEs), with the goal of seizure control while avoiding worsening of existing comorbidities.[@CIT0014],[@CIT0015] The potentially improved safety and tolerability profile of newer AEDs may be particularly valuable for patients with comorbid developmental and/or psychiatric disorders.[@CIT0016]

Eslicarbazepine acetate (ESL), a third-generation AED, is approved by the US Food and Drug Administration for the treatment of partial-onset seizures (FS) in patients ≥4 years of age.[@CIT0017] ESL received approval in the pediatric patient population ages 4 years and older based upon extrapolation of efficacy data obtained from adequate and well-controlled studies in adult patients with FS, pharmacokinetic data from adult and pediatric patients, and safety data from clinical studies in pediatric patients' ages from 4 to 17 years.[@CIT0017] Real-world outcomes, specifically those related to HCRU following initiation of ESL for patients aged 4--17 years, are unknown. The main objective of this retrospective study was to examine the impact of initiating treatment with ESL on HCRU among pediatric patients with treated FS. A subgroup analysis of patients with FS stratified by the presence or absence of developmental and/or psychiatric disorders was also performed.

Methods {#S0002}
=======

Data Source {#S0002-S2001}
-----------

This retrospective, longitudinal cohort analysis used Symphony Health's Integrated Dataverse (IDV^®^) open-source claims database that tracks 274 million active patients in the US. Data from April 1, 2015 to June 30, 2018 on patient demographics, medical resource use, and prescription drugs were studied. IDV^®^ data are de-identified in compliance with the Health Insurance Portability and Accountability Act; therefore, this study did not constitute Human Subjects Research, and review by an institutional review board was not required.[@CIT0018]

Study Design {#S0002-S2002}
------------

A pre-post analysis was conducted to evaluate the effects of ESL initiation on HCRU. A longitudinal panel data approach was used, and the unit of analysis was a person-specific "block" of 90 consecutive days. The index date was defined as the first dispensed claim for ESL. The baseline period was defined as the 90-day block immediately prior to the index date. The follow-up period was defined as the 4 consecutive 90-day blocks immediately following the index date ([Figure 1](#F0001){ref-type="fig"}).Figure 1Study design.**Abbreviations:** ESL, eslicarbazepine acetate; HCRU, healthcare resource utilization.

Patient Population {#S0002-S2003}
------------------

Patients were included in the analysis if they met the following inclusion criteria: 1) residence in the US; 2) ≥1 medical claim with a diagnosis of FS (International Classification of Diseases, 9th Revision \[ICD-9\], Clinical Modification codes 345.4x or 345.5x or ICD-10 codes G40.1x or G40.2x); 3) ≥1 dispensed pharmacy claim for an AED; 4) ≥1 dispensed pharmacy claim for ESL; 5) aged 4--17 on the index date; 6) continuous data availability for 90 days prior to and following the index date; and 7) ≥1 medical and pharmacy claim after the index date ([Figure 2](#F0002){ref-type="fig"}). Thus, the overall study population included pediatric patients (aged 4--17 years on index date) with a diagnosis of FS who received a new prescription for ESL and had at least one 90-day block before and after the index date.Figure 2Sample selection. ^a^Excludes patients residing in Puerto Rico and US territories, or with missing/invalid data. ^b^Patients were only included in the data extract if they had ≥1 FS diagnosis and an AED claim that was approved, rejected, or reversed. ^c^FS was defined as International Classification of Diseases, Ninth Edition, Clinical Modification (ICD-9-CM) codes 345.4x or 345.5x or ICD-10-CM codes G40.1x or G40.2x.**Abbreviations:** AED, antiepileptic drug; ESL, eslicarbazepine acetate; FS, focal seizures; US, United States.

Patients in the overall population were assigned to 2 subgroups: those with FS with developmental and/or psychiatric disorders (DP+) or without (DP−). Patients were classified into the DP+ subgroup if they had FS and any of ADHD, anxiety, autism, behavioral/emotional disorders (excluding ADHD), cognitive impairment, depression, intellectual disability, disorders of psychological development (including autism), schizophrenia, or unspecified developmental delay during the baseline period. All other patients with FS were included in the DP− subgroup.

Study Measures and Statistical Analyses {#S0002-S2004}
---------------------------------------

### Baseline Characteristics {#S0002-S2004-S3001}

During the baseline period, patient demographic and clinical characteristics were measured for the overall population, including the patient subgroups. Demographic characteristics included age, gender, and payer type (i.e. commercial, Medicaid, and cash/assistance programs). Clinical characteristics included common medical, neurological, and psychiatric comorbidities observed among pediatric patients with epilepsy.[@CIT0007],[@CIT0019]

AED characteristics were recorded on the index date and included AED therapy characteristics such as monotherapy vs. adjunctive therapy and prior AED experience. Patients were considered to be on adjunctive ESL therapy if they had a claim for another AED on the index date, or had remaining days' supply from a prior AED claim on the index date and a subsequent claim for the same AED within 30 days of exhausting that days' supply. All other patients prescribed ESL who did not meet the criteria for adjunctive therapy were classified as receiving ESL monotherapy. Prior AED experience included number of distinct AEDs before ESL initiation. The number of claims for branded and generic AEDs was also studied.

### HCRU in the Baseline and Follow-Up Periods {#S0002-S2004-S3002}

All-cause and FS-related inpatient (IP), emergency room (ER), outpatient (OP) hospital, and office (OF) visits were measured for each patient-block during the baseline and follow-up periods (i.e. pre- and post-ESL initiation). Claims were categorized by place of service. All-cause HCRU was defined as HCRU due to any cause. FS-related HCRU was defined as HCRU with a diagnosis of FS in any diagnosis position associated with that claim. Each HCRU category was presented as the proportion of patients with ≥1 HCRU visit of each type.

### Statistical Analyses {#S0002-S2004-S3003}

For baseline clinical and demographic characteristics, continuous variables were expressed as means and standard deviations (SDs). Dichotomous and categorical variables were expressed as counts and percentages. To assess differences between the subgroups at baseline, means were compared with t-tests and percentage distributions were compared with *χ*^2^ tests.

Linear regression models with person-specific fixed effects were estimated to assess within-person changes in HCRU between baseline and follow-up. A separate model was run for each of the all-cause and FS-related HCRU categories, and for the overall population and the patient subgroups. The primary exposure was a binary indicator for whether the person-block was from the baseline or the follow-up period. The fitted coefficient on the exposure was interpreted as the within-person percentage point change from baseline to follow-up in HCRU per 90-day block. Model standard errors were adjusted to be made robust to heteroskedasticity of unknown form and to account for the clustering of multiple 90-day blocks within patients.

Statistical analyses were performed using SAS software version 9.4 (SAS Institute, Cary, NC) and Stata MP software version 16 (StataCorp, LLC, College Station TX). Two-sided statistical tests were used and *P*\<0.05 was considered significant.

Results {#S0003}
=======

Baseline Characteristics {#S0003-S2001}
------------------------

234 patients met the inclusion criteria and were included in the overall population. Forty-four (18.8%) patients had one 90-day follow-up block; 36 (15.4%) patients had two blocks; 16 (6.8%) patients had three blocks; and the remaining 138 (59.0%) patients had at least four blocks. Patients in the overall population had a mean (SD) age of 12.7 (±3.9) years, and there were equal proportions of males and females. A majority of the patients were enrolled in commercial (51%) or Medicaid (44%) plans. Most (56%) patients received ESL as adjunctive therapy. The mean number of AEDs prior to ESL initiation was 1.8 (±1.5). 43%, 38% and 37% of patients had medical, neurological or psychiatric and/or developmental disorders at baseline, respectively ([Table 1](#T0001){ref-type="table"}).Table 1Baseline Characteristics of Patients in the Overall PopulationCharacteristics^a^N=234Male, n (%)^b^117 (50.0)Age, years, mean (SD)^c^12.7 (3.9)**Age category, n (%)** 4--736 (15.0) 8--1140 (17.0) 12--1458 (25.0) 15--17100 (43.0)Adjunctive index AED therapy, n (%)^d^130 (56.0)Prior AED claims, mean (SD)1.8 (1.5) Claims for branded AEDs0.6 (0.9) Claims for generic AEDs (SD)1.2 (1.1)**Payer type, n (%)** Commercial120 (51.0) Medicaid104 (44.0) Other10 (4.3)**Comorbidities**^e^ Developmental and/or psychiatric disorders, n (%)86 (37.0)  Disorders of psychological development (including autism)26 (11.0)  ADHD24 (10.0)  Autism23 (9.8)  Unspecified developmental delay18 (7.7)  Anxiety13 (5.6)  Intellectual disability12 (5.1) Medical disorders, n (%)100 (43.0)  Musculoskeletal disorders26 (11.0)  Gastrointestinal disorders23 (9.8)  Sleep disorders21 (9.0)  Chronic lower respiratory disorders (including asthma)14 (6.0)  Congenital non-neurologic malformations13 (5.6)  Endocrine disorders13 (5.6)  Genital disorders13 (5.6) Neurological disorders, n (%)88 (38.0)  Headache conditions34 (15.0)  Other neurologic disorders25 (11.0)  CNS infections19 (8.1)  Cerebral palsy18 (7.7)[^1][^2]

Among patients in the overall population, 86 patients had FS with developmental and/or psychiatric disorders (DP+), and 148 patients had FS only (DP−) ([[Table S1](http://www.dovepress.com/get_supplementary_file.php?f=261960.docx)]{.ul}). Compared to DP− patients, DP+ patients received a significantly higher mean number of prior AEDs (2.02 \[±1.44\] vs. 1.59 \[±1.45\]; *P*=0.027), and a significantly larger proportion had ESL as adjunctive therapy (vs. monotherapy) (66% vs. 49%; *P*=0.012). The prevalence of medical disorders (55% vs. 36%; *P*=0.005) and neurological disorders (48% vs. 32%, *P*=0.015) was significantly higher among DP+ patients compared to DP− patients.

HCRU in the Baseline and Follow-Up Periods {#S0003-S2002}
------------------------------------------

All-cause and FS-related HCRU in the baseline and follow-up periods for patients in the overall population are presented in [Figure 3](#F0003){ref-type="fig"}. There were statistically significant reductions in all-cause ER (−11.3 percentage points \[ppts\]; *P*=0.001), OP (−15.1 ppts; *P*\<0.001), and OF (−14.9 ppts; *P*\<0.001) visits, as well as reductions in FS-related IP (−4.7 ppts; *P*=0.037) and OF (−13.7 ppts; *P*\<0.001) visits in the follow-up period compared to baseline. Numerical, but statistically non-significant reductions were observed for all-cause IP visits ([Figure 3A](#F0003){ref-type="fig"}) and FS-related ER and OP visits ([Figure 3B](#F0003){ref-type="fig"}).Figure 3Adjusted HCRU for pediatric patients with FS starting ESL treatment. (**A**) All-cause. (**B**) FS-related. \**P*\<0.05. Claims were categorized by place of service as follows: inpatient (hospital inpatient), emergency department (hospital emergency room), outpatient (hospital outpatient, urgent care facility), and office (medical office).**Abbreviations:** ESL, eslicarbazepine acetate; FS, focal seizures; HCRU, healthcare resource utilization.

All-cause and FS-related HCRU in the baseline and follow-up periods for DP+ and DP− patients are presented in [Figure 4](#F0004){ref-type="fig"}. In both subgroups, there were statistically significant reductions in all-cause ER (DP+: −11.9 ppts, *P*=0.024; DP−: −10.9 ppts, *P*=0.017), OP (DP+: −23.5 ppts, *P*\<0.001; DP−: −10.3 ppts, *P*=0.035), and OF (DP+: −14.4 ppts, *P*=0.004; DP−: −15.2 ppts, *P*=0.001) visits, as well as reductions in FS-related OF visits (DP+: −12.5 ppts, *P*=0.019; DP−: −14.3 ppts, *P*\<0.001) in the follow-up period compared to baseline. In both subgroups, there were numerical, but statistically non-significant reductions in all-cause IP visits ([Figure 4A](#F0004){ref-type="fig"}) and FS-related IP, ER, and OP visits ([Figure 4B](#F0004){ref-type="fig"}). Reductions in HCRU in the follow-up period compared to baseline were similar across the DP+ and DP− subgroups.Figure 4Adjusted change in HCRU from baseline to the follow-up period for DP+ and DP− patients starting ESL treatment. (**A**) All-cause. (**B**) FS-related. \**P*\<0.05 between baseline and follow-up. Claims were categorized by place of service as follows: inpatient (hospital inpatient), emergency department (hospital emergency room), outpatient (hospital outpatient, urgent care facility), and office (medical office).**Abbreviations:** DP, developmental and/or psychiatric disorder; ESL, eslicarbazepine acetate; FS, focal seizures; HCRU, healthcare resource utilization.

Discussion {#S0004}
==========

The results from this retrospective real-world study of national claims data suggest ESL initiation was associated with statistically significant reductions in all-cause ER, OP, and OF visits and FS-related IP and OF visits in pediatric patients with FS. Similar results were observed among adults with FS initiating ESL as adjunctive or monotherapy.[@CIT0020] Reductions in all-cause ER and OP visits, and all-cause IP visits and epilepsy-related ER and OP visits were observed in adults initiating ESL monotherapy.[@CIT0020] Previous studies assessed HCRU in pediatric patients with FS who initiated treatment with a third-generation AED.[@CIT0021],[@CIT0022] Consistent with our findings, a statistically significant reduction in all-cause and epilepsy-related IP hospitalization risk was observed following initiation of perampanel in patients with FS aged 4−11 years covered by commercial or government-sponsored insurance plans or those covered specifically by a Medicaid health plan.[@CIT0021],[@CIT0022]

Subgroup analyses demonstrated statistically significant reductions in all-cause ER, OP, and OF visits and FS-related OF visits following ESL initiation in pediatric patients with FS with and without developmental and/or psychiatric disorders. Reductions in HCRU were similar for both patient subgroups, which is consistent with data showing that the clinical efficacy of ESL in patients with FS with developmental and/or psychiatric disorders is similar to that in patients with FS only.[@CIT0023],[@CIT0024]

The reductions in HCRU following ESL initiation in pediatric patients with FS may be driven by the clinical efficacy, safety and tolerability of ESL, as described in recent studies of adjunctive ESL therapy in pediatric patients with refractory FS.[@CIT0025]--[@CIT0028] A retrospective chart review of pediatric patients with pharmacologically intractable epilepsy treated with ESL concluded ESL was well-tolerated and had a good response rate.[@CIT0028] A Phase II study aimed to evaluate the neurocognitive effects of ESL in pediatric patients with refractory FS showed ESL was effective at reducing seizure frequency and overall, had no significant effects on neurocognitive behavior.[@CIT0025] Other studies evaluating the safety and tolerability of ESL as adjunctive therapy in pediatric patients with refractory FS found ESL was well-tolerated, and a greater relative reduction in standardized seizure frequency was observed for patients ≥6 years of age compared to placebo.[@CIT0026],[@CIT0027]

Pediatric patients with epilepsy with developmental or psychiatric comorbidities may have higher HCRU compared to pediatric patients with epilepsy alone.[@CIT0029] In a Canadian health administrative database study evaluating HCRU among pediatric patients with epilepsy with comorbidities including depression, anxiety, learning disability, ADHD and ASD, the frequency of ER visits was higher for all comorbidities, with learning disability having the largest difference.[@CIT0030] The present study showed that ESL initiation was associated with similar reductions in HCRU in pediatric patients with FS alone or FS with developmental and/or psychiatric disorders. These data are in line with studies showing psychiatric AEs are uncommon in patients with FS treated with ESL.[@CIT0023],[@CIT0031]

Strengths and Limitations {#S0005}
=========================

This study has several strengths. A large claims database was used that captures claims data from multiple US insurance and payer types, supporting the generalizability of the study findings to the US population of pediatric patients with FS. Fixed-effects models were employed in the statistical analysis, with patients serving as their own controls, to hold constant all time-invariant patient characteristics.

This study has several limitations. The Symphony IDV^®^ is an open-source database and may not capture all claims for a patient, resulting in incomplete data. However, the IDV^®^ database captures nearly 97% of pharmacy claims in the US. The pre-post design and fixed-effects models do not eliminate confounding by other within-patient, time-varying factors. FS may be subject to under-coding that results in lower FS-related HCRU estimates; however, all-cause HCRU analysis may have captured these missing data. This was not a comparative study, and there were no parallel controls. Patients were classified as DP+ or DP− based on the presence of specific ICD-9/ICD-10 diagnosis codes that may be subject to under-coding leading to lower prevalence estimates of DP+ patients as compared to other studies. These diagnosis codes were used previously to identify these comorbidities.[@CIT0007] Patients with either psychiatric and/or developmental disorders could not be further analyzed as separate groups due to small sample size.

Conclusion {#S0006}
==========

Results from this real-world study of pediatric patients with FS found that ESL initiation was associated with statistically significant reductions in all-cause ER, OP, and OF visits and FS-related IP and OF visits. Initiation of ESL reduced HCRU among patients with FS with developmental and/or psychiatric disorders. Further studies examining the impact of ESL initiation on healthcare expenditures in pediatric patients with FS are warranted.

Medical writing support provided by Joanna Dembowy, PhD and editorial support provided by Jane Kondejewski, PhD of SNELL Medical Communication Inc.

Highlights {#S0007}
==========

Most ESL use was adjunctive among patients who had tried 2 prior AEDs.ESL reduced all-cause ER, OP, and OF visits in pediatric patients with FS.ESL reduced FS-related IP and OF visits in pediatric patients with FS.HCRU reduction with or without developmental and/or psychiatric disorders was similar.
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[^1]: **Notes:** ^a^Patient demographics were assessed as of the index date; comorbidities were assessed in the 90 days prior to the index date. ^b^Remainder of patients were female. ^c^Only the patient birth year was available, so all patients were assigned a birthdate of July 1 for the purpose of calculating age. ^d^Remainder of patients received monotherapy. ^e^Prevalence of ≥5%. Comorbidities with \<5% prevalence in the overall population included: benign neoplasms (1.7%), cardiovascular disorders (3.0%), chromosomal abnormalities (2.1%), hearing impairment/deafness (0.9%), hematologic conditions (1.7%), hyponatremia (0.4%), immune disorders (1.3%), malnutrition/eating difficulties (4.3%), metabolic disorders (0.4%), nutritional deficiencies (1.7%), obesity (2.6%), skin disorders (4.3%), urinary tract disorders (3.4%), visual impairment/blindness (1.3%), brain tumor (2.6%), cerebrovascular disease (3.0%), CNS neoplasm (2.6%), hydrocephalus (1.3%), neurological congenital malformations (3.8%), traumatic brain injury (1.3%), behavioral/emotional disorders (except ADHD) (3.4%), cognitive impairment (1.3%), depression (3.8%), and schizophrenia (0.4%).

[^2]: **Abbreviations:** ADHD, attention deficit hyperactivity disorder; AED, antiepileptic drug; CNS, central nervous system; SD, standard deviation.
